Research has demonstrated that the human being tends to couple body movements and external, acoustic stimuli (metronome or music). This effect is called auditory-motor synchronization. In addition, motivational music possesses characteristics which distract from feelings like fatigue and exertion. Combining these two factors may enhance the sports performance to a greater degree. Therefore, the purpose of this study was to examine 1) the contrast between the influence of no auditory stimulus and accelerated auditory stimuli (by 2% of the runners' original cadence, as this is the maximum of spontaneous increase) on running performance and 2) the influence of listening to music compared to listening to a metronome on running performance. In this regard, twentyeight sport science students (15 females, 13 males) were asked to perform two Cooper tests each. After run 1 (no auditory signal), the sample was divided into two groups. In run 2, which took place on a different day, one group listened to music while running, whereas the other group was stimulated by the sound of a metronome. During the test, distance (m) and average heart rate (bpm) were measured. The results showed that 75% of all athletes achieved a greater distance under the influence of an acoustic stimulus. Thereby, the running distance changed significantly (p = 0.001) by using an acoustic stimulus: +61 m (SD ± 100) or 2.1% (SD ± 3.6). In group 1 (music), the performance improved up to + 3.8% (SD ± 3.3), a significant difference compared to group 2 (metronome) (p = 0.014), in which no notable change in average heart rate was found. This means that if the tempo of the acoustic stimulus was adapted to the accelerated cadence of an athlete (maximum of spontaneous tempo adaption: 2%), improved distances due to the synchronization effect could be achieved. Furthermore, in combination with the motivating qualities of music, improved effects in sport performances could be created.
Introduction
In 1998, the Ethiopian distance track and road running athlete Haile Gebrselassie broke several world records, while listening to the rhythmical pop piece "Scatman" by John Scatman and synchronizing his running cadence with the beat of the song (Van Dyck & Leman, 2016; Karageorghis & Priest, 2008) . Thereby, the effect of coupling physical activity with acoustic, rhythmic signals, "e.g. metronome or music", is called auditory-motor synchronization (Bood et al., 2013; Karageorghis & Priest, 2008; Large, 2000; Repp, 2005) . Several authors described auditory-motor synchronization as a tool to improve sports performance (Bood et al., 2013; Rendi et al., 2008; Simpson & Karageorghis, 2006) . Also, various studies showed that external, acoustic stimuli can act like a pacemaker, resulting in the regulation of the speed of motion. Acoustic signals are therefore commonly applied in cyclic sports like running, rowing and cycling in order to enhance performance and work rate by stimulating stride frequency and pedalling rate. In this regard, Rendi et al. (2008) compared the impact of fast-and slow-tempo music within a 500-m rowing task. Results thereby showed that the shortest time to completion (TTC) and significantly more rowing strokes per minute (SPM) were achieved in the fast-music condition compared to the slowmusic condition. Furthermore, Simpson & Karageorghis (2006) found out that synchronizing music and body movement in a 400-m trial led to a significantly faster running time than without music. Music positively affects physiological parameters in sports (Archana & Mukilan, 2016; Bacon et al., 2012; Dorris et al., 2016; Savitha et al., 2013; Szmedra & Bacharach, 1998) . For example, Szmedra & Bacharach (1998) found that listening to classical music during a treadmill running performance significantly decreased the athletes' heart rate, exercise lactate and systolic blood pressure. These positive physiological effects may be partly related to an increased muscular relaxation capability and an elevated blood flow: Music minimized the increase in parameters of the heart rate variability (high frequency, low frequency), resulting in the capability of exercising at a lower heart rate (Archana & Mukilan, 2016) . In addition, Savitha et al. (2013) found that participants who listened to music during sportive activities, showed significantly lower heart rates, oxygen consumption and rates of perceived exertion. Furthermore, recent studies confirmed that sports performance may be enhanced by making use of the motivational qualities of music (Bood et al., 2013; Chtourou et al., 2017; Dorris et al., 2016; Elliott et al., 2005; Terry et al., 2012; Yamashita et al., 2006) . The results showed that if music contained certain motivational aspects ("e.g. fast, percussive music with accentuated bass frequencies according to Bood et al. (2013) ), mood and arousal regulations as well as the distraction from feelings of pain and fatigue were more likely to occur (Bood et al., 2013) . Nakamura (2015) investigated accomplished distances in cycling and indicated a significantly positive effect of motivational music (9.8 km ± 4.6 km) compared to neutral (in terms of motivational qualities) music (7.1 km ± 3.5 km). Furthermore, the participants' perceived exertion was significantly reduced when listening to motivational music compared to non-motivational music (Nakamura, 2015) . Marcora et al. (2009) found that uncomfortable acoustic stimuli could also affect the athletes' motivation in a negative way. Thereby, participants listening to non-motivational music reached their individual maximum in perceived exertion faster than those listening to motivational music and abandoned exercising. In this respect, defined four parameters determining the motivational qualities of a musical piece: rhythm (tempo, measured in beats per minute [bpm] ), musicality (harmony, melody), cultural relevance and association, whereby music which is particularly linked to personal associations provides significant advantages regarding sports performance, "e.g. maintaining exercise amount or avoiding routine". Further, Bood et al. (2013) examined the relative effects of auditory-motor synchronization and the motivation generated through music on running performance. The participants' performance was thereby compared within three running-to-exhaustion conditions: control condition (no music); metronome condition, matching the athletes' cadence (synchronization) and music condition, again matching the athletes' cadence (synchronization + motivation). In line with the hypothesis, results showed that the factor timeto-exhaustion varied significantly: Time-to-exhaustion was longer in the metronome and motivational music conditions than in the control condition without acoustic stimulus. It was furthermore observed that also the heart rate was affected by acoustic stimuli, more precisely, small to moderate increments in mean heart rate values were studied with acoustic stimuli. In addition, the combination of motivational music with a prominent and consistent beat that matched the athletes' cadence most likely yields optimal effects in terms of running performance (Bood et al., 2013) . To the author's knowledge, research on motivational music complementing the possibility of enhancing the individual cadence has not been conducted so far. However, Rendi et al. (2008) for example confirmed that fast music increased the number of strokes per minute and reduced the time to complete a 500-m rowing sprint performance. Studies on running, respectively cycling load were thereby well in line with these results (Van Dyck et al., 2015; Waterhouse et al., 2010) . According to Van Dyck & Leman (2016) as well as Van Dyck et al. (2015) , runners weren't able to spontaneously adapt to more than 2% of their original cadence. Therefore, the aim of this study was to evaluate the contrast between no auditory stimulus and accelerated, auditory stimuli on running performance. The second aim of this study was to examine a possible difference between the influence of listening to music and listening to a metronome on the running performance. It was hypothesized that auditory stimuli, accelerated by 2% of the original cadence, would have positive effects on running distance and heart rate values.
Auditory stimuli and running performance
Methods

Participants
Twenty-eight sport science students (15 females, 13 males) aged 23.7 (SD ± 4.0) years participated in the present study. Table 1 shows the students' anthropometric characteristics as well as their average running time per week. These data were collected at the beginning of the test.
Procedure
Each participant completed two Cooper tests on a 400-m athletic track at least seven days apart (the goal of a Cooper test is to complete as much distance as possible within 12 minutes of running; ICC=0.99, Alvero-Cruz et al., 2016; Ф=0.96, Penry et al., 2011) . On both testing days, the average heart rate was measured by using the M400 Polar watch; the running distance was counted in meters. During the first run, the participants' stride cadence was measured in the sixth and the eighth minute as a mean benchmark, counted together and divided by two, to calculate the runners' individual average stride cadence. For the second run, the group was homogeneously divided into two groups in terms of achieved distance in the first run. Group 1 performed the second run while listening to music, whereas group 2 ran while listening to a metronome. Thereby, the tempo of the acoustic stimulus in group 1 and group 2 matched the participants' individual stride cadence multiplied by 1.02, according to Van Dyck et al. (2015) . The participants in group 2 (metronome), however, could individually choose out of three different rhythms. The musical tracks were selected by the study team and played in a uniform order. The maximum volume for the acoustic stimulus was set to 85 decibels, participants were asked to wear their individual headphones and to avoid maximal exercise 24 hours in advance of the testing. To exclude the possibility of a group facilitation effect, the tests were performed in a staggered manner, with each participant running individually. The playlist for group 1 (music) was selected from similar previous studies (Dorris et al., 2016; Karageorghis et al., 1999; Karageorghis & Priest, 2008; . Therefrom, the study team chose ten musical pieces and analysed them by means of the Brunel Music Rating 
Statistics
The data collected were processed by using IBM SPSS Version 24.0 (IBM Corp.) and presented as means and standard deviations as well as absolute and relative frequencies. Verification of normality was thereby analysed with the KolmogorovSmirnov test, so values less than 0.05 were considered statistically significant. The covered running distance respectively mean heart rate measured in run 1 (no stimulus) and run 2 (stimulus) were analyzed with a 2 x 2 repeated measures ANO-VA to test for main effects of stimulus (run 1 and run 2) and group (music and metronome) as well as interactions stimulus × group. When a main and/or an interaction effect was found, pairwise comparison with a Bonferroni correction post hoc analysis was applied. Effect size from partial eta 2 values (η 2 p) and the observed power were computed. The level of significance was set at p<0.05.
Results
In 75% of all participants, a greater distance in run 2 (acoustic stimulus) in comparison to run 1 (no acoustic stimulus) was reported. In total, accomplished running distance significantly increased from run 1 to run 2 (2808 meters vs. 2868 meters) (main stimulus effect: F(1, 26) = 12.640, p = 0.001, ηp 2 = 0.327, observed power = 0.928). Listening to music in run 2 thereby caused a distance enhancement in 85.7% of the runners of group 1. In contrast, 64.3% of the participants performing run 2 in the presence of a metronome increased their running distance. Table 2 represents the accomplished running distances, average heart rates and difference between runs regarding distance and average heart rate among group 1, group 2 and in total.
Discussion
The aim of this study was to evaluate the contrast between no auditory stimulus and accelerated, auditory stimuli on running performance. As a second aim of this study, the contrast between the possible influence of listening to music compared to listening to a metronome on the running performance was examined. Each participant completed two Cooper tests, run 1 without an acoustic stimulus and run 2 while listening to an acoustic stimulus (music or metronome). The results revealed a significant effect of an acoustic stimulus on the accomplished running distance in run 2 in comparison to run 1 (+61 m ± 100) (p=0.001). In accordance, studies evaluating the effects of acoustic stimuli on running performance found a significantly longer time-to-exhaustion when listening to music or the beat 183 ± 9 182 ± 12 -0.6 ± 6 total (N=28) 182 ± 9 181 ± 10 -1.5 ± 5 Table 2 : Average running distances, average heart rates and difference between runs regarding distance and average heart rate among group 1, group 2 and in total.
of a metronome in comparison to no acoustic stimulus (Bood et al., 2013) . Furthermore, Bacon et al. (2012) demonstrated that cyclic exercises are performed more efficiently while listening to music, because people synchronise the tempo of their movements with the rhythm of an acoustic stimulus (Karageorghis & Terry, 1997) . Numerous studies discussed the effect of auditory-motor synchronisation on sports performance (Bood et al., 2013; Hohler, 1989; Karageorghis & Terry, 1997; Rendi et al., 2008; Simpson & Karageorghis, 2006) , finding out that coupling the tempo of the acoustic stimulus and the individual stride cadence results in the optimal effect of auditory-motor synchronisation (Repp, 2005; Roerdink et al., 2011) . In the present study, in run 2 the participants were influenced by an acoustic stimulus with the tempo of the runners' individual stride cadence, which had been measured in run 1, accelerated by 2%, as suggested by Van Dyck & Leman (2016) . The aim of this acceleration was to cause the participants to unconsciously synchronise their cadence to the "new" tempo. Consequences of this can be an increased cadence, a higher running tempo and, eventually, a longer accomplished distance. Additionally, listening to music has a distracting effect: Rhythmical stimuli address peoples' attention, resulting in a reduction of the perceived exertion (Karageorghis & Priest, 2008; Rejeski, 1985) . In the present study, listening to music while running generated a significantly greater accomplished distance than running to the beat of a metronome (p=0.014). However, it must be declared that the initial situation of the groups varied descriptively (group 1, run 1: 2773 m ± 348; group 2, run 1: 2842 m ± 326). One athlete from group 1 had to quit run 2 due to cramps, therefore the initial situation changed retrospectively. A possible effect caused by varying starting situations in groups shall not be precluded, although statistics showed no significant difference between the groups' first
Significant p values are in italics run (p=0.593). In contrast to the results of the present study, Bood et al. (2013) , who investigated the effects of listening to music compared to listening to the sound of a metronome on the performance during a running task on a treadmill, could not detect a difference between the types of acoustic stimuli. Tenenbaum et al. (2004) described that there are benefits when exercising in the presence of music, which seem to arise due to the motivational qualities of musical pieces. The melody and rhythm of a musical piece was determined to distract the exerciser from feelings like pain, discomfort and fatigue (Tenenbaum et al., 2004) . Research links the positive effects of music to its potential ability of controlling arousal, reducing rate of perceived exertion, favouring a positive state of mood as well as a flow state Marcora et al., 2009; Nakamura, 2015; Pates et al., 2003) . Listening to motivational music while exercising seems to optimize the mind set indirectly, which subsequently increases the athletes' willingness to work harder (Lane et al., 2011; Karageorghis & Priest, 2008; Waterhouse et al., 2010) . Summing up these results, music seems to enhance performance to a greater degree than the sound of a metronome, which might be due to the more motivational qualities of music. The selection of the playlist in the present study was carefully chosen in terms of motivational characteristics, reflecting and analysing the Brunel Rating Music Inventory as well as existing examples (Dorris et al., 2016; . This could be the reason for a more positive effect in group 1 (music) compared to group 2 (metronome). In the present study, participants were asked to perform a running task with their individual maximal intensity. The average heart rate decreased by 1.5 beats (SD ± 5) from run 1 (no acoustic stimulus) to run 2 (acoustic stimulus). Influenced by music, the average heart rate measured 179 beats (SD ± 8) in contrast to 182 beats (SD ± 10) in run 1 (no acoustic stimulus). Nevertheless, no statistically significant reduction (p=0.134) was observed in the average heart rate values when listening to an acoustic stimulus. Studies reported that music stimulates the parasympathetic activity and its heart rate reducing mechanism (Yamashita et al., 2006; Perini et al., 1989) . Studies addressing musical therapy even point out the possibility of treating insomnia, anxiety, depression, etc. by using music (Kazemi et al., 2012; Nightingale et al., 2013; Zaza et al., 2005) . Bood et al. (2013) , examining a high intensity run to exhaustion, accounted increased mean heart rate values when accompanied by acoustic stimuli compared to no acoustic stimulus. According to Bood et al. (2013) , participants were able to work at a higher intensity (higher mean heart rate values during high intensity task) for longer. However, limitations have to be considered. Firstly, a practise effect due to the absence of a control condition cannot be excluded. Secondly, due to the performance level of the sample in the current study, results can only be considered valid for sport science students and young adults who run regularly. Therefore, future expansion should take account of different performance levels, "e.g. top running athletes versus untrained runners". Thirdly, stride rate wasn't measured in run 2; therefore, a synchronization effect cannot be assumed.
In conclusion, by adapting the tempo of an acoustic stimulus to the runners' maximal spontaneous cadence enhancement (original cadence accelerated by 2%), the running distances were possibly increased due to auditory-motor synchronisation.
Complemented by the motivational qualities of music, a basis for improving running distance of sports students as well as ambitious recreational runners could be generated. Hence, occasionally implementing acoustic stimuli to training sessions could raise motivation as well as running distances.
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